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In this paperwe review themostrecentresultsconcerningB Baryonsat CDF andD0, including
theobservationandthestudyof thepropertiesof theΩ �

b , Ξ �
b andΣ

�������
b , theobservationof new

Λ0
b decaymodes,anda new measurementof thelifetime of theb hadronsin decayswith a J 	 ψ .

The Ω �
b baryon is observed through the decaychain Ω �

b 
 J 	 ψΩ �
, where J 	 ψ 
 µ � µ �

,
Ω � 
 ΛK

�
, and Λ 
 pK

�
, using 4.2 fb

� 1 of data. The Ω �
b mass is measuredto be

6054.4� 6.8(stat.)� 0.9(syst.)MeV/c2, andthelifetime 1.13� 0 
 53� 0 
 40(stat.)� 0.02(syst.)ps.
For the Ξ �

b the mass is measured5790.9� 2.6(stat.)� 0.8(syst.) MeV/c2 and the lifetime
1.56� 0 
 27� 0 
 25(stat.)� 0.02(syst.)ps.
A new accurate measurementof the properties of the resonancesΣ�b , Σ �b , Σ

� �b , and
Σ
� �
b has been performed in 6 fb

� 1 of data, and the masseshave been determined,
m � Σ�b � = 5811.2� 0 
 9� 0 
 8(stat.)� 1.7(syst.), m � Σ �b � = 5815.5� 0 
 6� 0 
 5(stat.)� 1.7(syst.), m � Σ � �b � =
5832.0� 0.7(stat.)� 1.8(syst.),andm � Σ � �b � = 5835.0� 0.6(stat.)� 1.8(syst.).
The Λ0

b 
 Λ�c π � π � π � decaymodehasbeenobserved in 2.4 fb
� 1 of data,with the resonant

decaymodesΛ0
b 
 Λc � 2595� � π � 
 Λ�c π � π � π � , Λ0

b 
 Λc � 2625� � π � 
 Λ�c π � π � π � , Λ0
b 


Σc � 2455� ��� π � π � 
 Λ�c π � π � π � , andΛ0
b 
 Σc � 2455� 0π � π � 
 Λ�c π � π � π � .

CDF has performed new measurementsof the b hadron lifetimes in decays with a
J 	 ψ . The measuredlifetimes are the currently most precise determinationof the B� ,
B0 and Λ0

b lifetimes. The measuredvalues are cτ � B� � =491.4� 2.6(stat.)� 2.6(syst.) µm,
cτ � B� � =451.7� 3.0(stat.)� 2.5(syst.)µm, andcτ � Λ0

b � =460.8� 13.4(stat.)� 4.1(syst.)µm.
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1. Introduction

B hadronsareabundantlyproducedat theTevatronCollider, wherethemeasuredb production
crosssectionis σ � B ����� 2� 78 � 0� 24 µb for pT � B ����� 6 GeV/cand � y � � 1 ([1]), andtheavailable
energy allows theproductionof theheavier Λb, Σb, Ξb andΩb hadrons.Thechallengeis extracting
signalsfrom backgroundwhichareordersof magnitudehigheratproduction.This is achievedwith
dedicateddetectorsandtriggers.

TheCDF II tracker is madeof threesilicon detectors([3]) anda drift chamber([4]) located
within a solenoidalmagneticfield. Particle identificationis performedwith the measurementof
the specificionisationin the drift chamberandof the time of flight in a specificdetector([5]).
Segmentedelectromagneticand hadroniccalorimeterssurroundthe tracking system([6]). The
muondetectors([7]) arelocatedoutsidethecentralhadroncalorimeter. CDF II usesa three-level
trigger system.The heartof the L1 trigger is the eXtremelyFastTracker ([8]), the trigger track
processorthat identifiescharged tracksin the drift chamber. The L1 tracksareextrapolatedto
thecalorimeterandto themuonchambersto generateelectronandmuontriggercandidates.The
Online Silicon Vertex Tracker ([9]) is part of the L2 trigger. It receives the L1 tracksand the
digitisedpulseheightson the axial layersof the silicon vertex detector. It links the L1 tracksto
thesiliconhitsandreconstructstrackswith offline-like quality, usedto selectonlinethesecondary
verticescharacteristicof theb eventsin specifictriggers.L3 triggerusesaCPUfarmwhichallows
to performanalmostoffline-qualityreconstruction.

TheD0 detector[10] usesanexcellentcentraltrackingsystemwhichconsistsof a siliconmi-
crostriptracker anda centralfiber tracker surroundedby asolenoidalmagnetandprovidessignals
to theLevel 2 andLevel 3 triggersystemsto selecteventswith displacedverticesfrom b-quarkde-
cay. TheD0 calorimetersystemconsistsof threesamplingcalorimeters(primarily uranium/liquid-
argon)andanintercryostatdetector.Themuonsystemusesproportionaldrift tubes,mini drift tubes,
andtoroidalmagnetsandprovidesacoverageto � η �  2� 0.

2. Observation and properties of the Ω !b and Ξ !b baryons

TheΩ "b observation is madeatD0[12] andCDF[11] throughthedecaychainΩ "b # J $ ψΩ " ,
whereJ $ ψ # µ � µ " , Ω " # ΛK " , andΛ # pπ " . TheΞ "b is reconstructedthroughthesimilarde-
caymodeΞ "b # J $ ψΞ " , whereJ $ ψ # µ � µ " , Ξ " # Λπ " , andΛ " # pπ " asacrosscheck.The
CDFanalysisselectswell-measuredJ $ ψ # µ � µ " candidates,wherethetwo-muoninvariantmass
is requiredwithin 80MeV/c2 of theworld-averageJ $ ψ mass.Λ candidatesuseall oppositecharge
trackpairswith pT % 0� 4 GeV/cfound in thechamber. Theproton(pion) massis assignedto the
trackwith thehigher(lower)momentum,whichis correctfor theΛ candidatesusedin thisanalysis
for thekinematicsof the Λ decayandthe lower limit in the transversemomentumacceptanceof
thetrackingsystem.Theadditionaltracksareassignedthepion or kaonmass,andΛπ " andΛK "
combinationsareidentifiedthatareconsistentwith thedecayprocessΞ " # Λπ " or Ω " # ΛK " .
Thechargedhyperoncandidateshaveanadditionalfit performedwith thethreetracksthatsimulta-
neouslyconstrainstheΛ andΞ " or Ω " massesof theappropriatetrackcombinationsandprovides
thebestpossibleestimateof thehyperonmomentumanddecayposition.A significantbackground
reductionis achievedby requiringthechargedhyperoncandidateshave trackmeasurementsin at
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leastonelayer of thesilicon detector. Theshorterlifetime of theΩ " makesthesilicon selection
not efficient in comperateto the Ξ " . For this reasonsilicon detectorinformationon thehyperon
track is usedwhen it is available, but it is not imposedas a requirementfor the Ω " selection.
Thehyperoncandidatesarecombinedwith theJ $ ψ candidatesby fitting thefive-trackstatewith
constraintsappropratefor eachdecaytopologyandintermediatehadronstate.Theµ � µ " massis
constrainedto thenominalJ $ ψ mass,andthehyperoncandidateis constrainedto originatefrom
the J $ ψ decayvertex. Thefits that includethechargedhyperonconstraintheΛ candidatetracks
to thenominalΛ mass,andtheΞ " andΩ " candidatesto therespective nominalmasses.b-hadron
candidatesarerequiredto have pT % 6� 0 GeV/candthehyperonto have pT % 2� 0 GeV/c. Figure
1 shows theCDF Ξ "b andΩ "b massdistributions.

CDF measuresa Ξ "b massto be 5790.9� 2.6(stat.)� 0.8(syst.) MeV/c2 and the Ω "b to be
6054.4� 6.8(stat.)� 0.9(syst.) MeV/c2. The systematicerrorsare due to the uncertaintyon the
massscaleof the baryonsmeasuredwith the hyperonsin the final state,estimatedas the mass
differencebetweenthe B0 asmeasuredin the J $ ψK0

s andthe nominalB0 massandrescaledfor
the differentenergy measuredby the trackingsystemin the two decaymodes.A systematicer-
ror is dueto thedependenceof themeasuredon thealternative assumptionto have a constantor
anevent-by-event massresolutionin thefit. A furthersystematicis dueto theuncertaintyon the
Ω " mass.The Ξ "b lifetime is measuredto be 1.56� 0 & 27

" 0 & 25(stat.)� 0.02(syst.)ps andthe lifetime of
the Ω "b to be 1.13� 0 & 53

" 0 & 40(stat.)� 0.02(syst.) ps. The systematicerrorsaredue to the treatmentof
theresolutionon theproperdecaylengthin thefit (2 µm), to thedetectormis-alignment(1 µm).

The productionsof the Ξ "b andof the Ω "b relative to the Λ0
b arefound to be

σ ' Ξ(b ) BR ' Ξ(b * J + ψΞ( )
σ ' Λ0

b ) BR ' Λ0
b * J + ψΛ )

= 0.167� 0 & 037

" 0 & 025(stat.)� 0.012(syst.),and
σ ' Ω(b ) BR ' Ω(b * J + ψΩ( )

σ ' Λ0
b ) BR ' Λ0

b * J + ψΛ ) = 0.045� 0& 017

" 0& 012(stat.)� 0.004(syst.).The
acceptanceandreconstructionefficiency, determinedfrom MonteCarlo,dependson the pT distri-
bution at productionof the Ξ "b andΩ "b . The analysisassumesthat the Ξ "b andΩ "b areproduced
with thesamepT distribution astheΛ0

b. Theuncertaintyon theefficienciescontainscontributions
dueto fΛ0

b
, to theMonteCarlosamplessize,to thesimulationof thetrackingsystem,to theΞ " and

Ω " branchingfractions,to theuncertaintyon theΛ0
b yield.

D0 performedthe first observation of the Ξ "b in 1.3 fb " 1 of data [13] and measuredthe
massto be 5774� 11(stat.)� 15(syst.) MeV/c2. D0 observed also a signal of 17.8� 4.9 events
of Ω "b with a significanceof 5.4σ is the samedecaymodeas CDF. The measuredΩ "b massis
6.165� 10(stat.)� 13(syst.) shows a discrepancy of  6σ from CDF. A new analysiswhich uses
five timesmorestatisticsis currentlyin progressatD0 to understandtheorgin of thisdiscrepancy.

3. Measurement of the resonance properties of the Σb and Σ ,b baryons

TheΣb andΣ
�
b stateshavebeenobservedatCDFasresonancesin theΛ0

bπ - massdistributions,
whereΛ0

b # Λ �c π " andΛ �c # pK " π � , using1.1fb " 1 of data[14]. TheΛ0
bπ statesareinterpreted

asthelowest-lyingchargedΣb baryonsandarelabeledΣ ' � )b . CDFhasrecentlyperformedanupdate
of thisanalysisusing6 fb " 1 of data.In reconstructingthedecaysΛ0

b # Λ �c π " andΛ �c # pK " π � ,
theprotonfrom theΛ �c decayandtheπ " from theΛ0

b decaymusthave pT % 0� 5 GeV/c.Λ �c com-
binatorialbackgroundis alsosuppressedby requiring pT � p � % pT � π ��� . The Λ �c daughtertracks
are3-D constrainedto originatefrom a singlepoint and the Λ �c candidateis constrainedto the
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Figure 1: (Left plot) The invariant massdistributions of (a) J 	 ψΞ �
and (b) J 	 ψΩ �

combinationsfor
candidateswith ct . 100 µm reconstructedat CDF. Theprojectionsof theunbinnedmassfit areindicated
by theblueline; (Right plot) Thesolidhistogramsrepresentthenumberof (a) Ξ �

b 
 J 	 ψΞ �
and(b) Ω �

b 

J 	 ψΩ �

candidatesfoundin eachct bin. Thedashedhistogramis thefit value. (Right plot) Λ0
b lifetime fit

performedon thedata.

known Λ �c mass,andtheΛ �c momentumis extrapolatedto intersecttheπ " momentumvectorto
form theΛ0

b vertex. TheΛ �c andΛ0
b musthave pT above 4.5GeV/cand6.0GeV/crespectively. It

is alsorequestedct � Λ0
b � % 200 µm andthesignificancect � Λ0

b �/$ σct % 12, andthe impactparam-

eterof the Λ0
b candidate� d0 � Λ0

b �0� 1 80 µm. The reconstructionof Σ ' � )b proceedsby combining
Λ0

b candidatesin the Λ0
b signalregion with all remaininghigh quality tracks,with the pion mass

hypothesisusedwhencomputingtheinvariantmassof theΣ ' � )b candidate.Narrow resonancesare
searchedin themassdifferencedistribution of Q � m � Λ0

bπ �32 m � Λ0
b �32 mπ . Selectioncutsareopti-

misedto maximisethesensitivity of thesearch.Figure2 reportstheQ distributionsreconstructed
in data. The main sourceof backgroundis the combinationof promptΛ0

b baryons,orB mesons
reconstructedasΛ0

b baryons,with extra tracksproducedin the hadronizationof the b quark. An
unbinnedmaximumlikelihood fit determinesthe massof the Σ �b = 5811.2� 0 & 9

" 0 & 8(stat.)� 1.7(syst.)
(  470signalevents),themassof theΣ "b = 5815.5� 0 & 6

" 0 & 5(stat.)� 1.7(syst.)(  330signalevents),the
massof theΣ

� �b = 5832.0� 0.7(stat.)� 1.8(syst.)(  780signalevents),andthemassof theΣ
� "b =

5835.0� 0.6(stat.)� 1.8(syst.) (  520 signalevents). The systematicerrorsaredue to the uncer-
tainty on the fit procedure,on the uncertaintieson the momentumscaleandon the assumptions
madein the fitter, which includethe fixed parametersdescribingthe detectorresolutionandthe
modeldescribingthe background.A moreaccuratedescriptionof this analysiscanbe found in
[15].

4. Charm baryon spectroscopy

CDFhasperformedananalysisof theexcitedcharmbaryons(Λ �c � 2595� , Λ �c � 2625� , Σ0 4 �5�c � 2455�
andΣ0 4 �5�c � 2520� ) reconstructedin thestrongdecaysto theΛ �c groundstate(Λ

� �c # Λ �c π � π " and
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Figure 2: (Left plot) Σ
� �B�B�
b fit to theΛ0

bπ � subsample;(Right plot) Σ� �B�B�b fit to theΛ0
bπ � subsample.

Σ0 4 �5� # Λ �c π " 4 � ). The analysisperformsa measurementof the massdifferencesof theseres-
onancesto the Λ �c massandof the correspondingdecaywidths. The Λ �c � 2595� massshapeis
affectedby kinematicalthresholdeffectsin theresonantsubdecayΛ �c � 2595� # Σc � 2455� π which
leadto a masswhich is approximately3 MeV/c2 lower thanthepreviously measuredvalues.This
analysisusesthe highestnumberof signaleventsfor all the resonanceswhich leadsto the most
accuratevaluesof theΛ �c � 2595� andΛ �c � 2625� properties[16].

5. Observation of the resonant structure of the Λ0
b C Λ Dc π ! π D π ! decay mode

CDF reconstructeda signalof 848� 93 Λ0
b # Λ �c π " π � π " candidateswith Λ �c # pK " π � in

2.4 fb " 1 of data(Figure3). In theΛ0
b # Λ �c π " π � π " samplewe reconstructedtheresonantdecay

modes: Λ0
b # Λc � 2595� � π " (46.6� 9.7 candidates),Λ0

b # Λc � 2625� � π " (114� 13 candidates),
Λ0

b # Σc � 2455�E��� π " π " (81� 15 candidates),andΛ0
b # Σc � 2455� 0π � π " (41.5� 9.3 candidates)

(Figure3). We measuredthe relative branchingfractionsof the resonantΛ0
b decaymodes(Table

1), by usingthesignalyieldsestimatedby perfomingfits of themassdistributions(Figure3) and
relativeefficiency factorsestimatedwith MonteCarlo.Themainsourcesof systematicerrorsderive
from theuncertaintiesonfits of thedataandfrom theuncertaintiesonrelativeefficienciesestimated
with the Monte Carlo simulation. The main uncertaintieson the fits of the dataderive from the
uncertaintiesof the backgroundmodelsandfrom the resolutionmodelusedin the modelof the
resonantsignals,andfrom theuncertaintyon thecontributionsof theCabbibbosuppresseddecay
modes.Themainuncertaintiesdueto therelative efficienciesderive from theuncertaintieson the
Λ �c , Λc � 2595�E� , andΛc � 2625�E� resonantstructure,from theaverageof therelative efficiency for
theΛ0

b # Λ �c ρ0π " andΛ0
b # Λ �c π " π � π " decaymodes,which arenot separatedin this analysis,

from theunknown Λ0
b andΛ �c polarisations,from theuncertaintyon theΛ0

b productiontransverse
momentumdistribution, andfrom theuncertaintyon theΛ0

b andΛ �c lifetimes. More detailsabotu
this analysiscanbefoundin [17].

6. b hadron lifetime measurement in the J F π decay modes

CDF has performeda new b hadronlifetime measurementusing the decaymodesB0 #
J $ ψK

� 0, B0 # J $ ψK0
s , B � # J $ ψK � , and Λ0

b # J $ ψΛ reconstructedin 4.3 fb " 1 of datacol-
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BR ' Λ0
b * Λc ' 2595)�G π ( * Λ Gc π ( π G π ( )
BR ' Λ0

b * Λ Gc π ( π G π ( ' all )H) � 2� 5 � 0� 6� stat �I� 0� 5� syst �/�IJ 10" 2

BR ' Λ0
b * Λc ' 2625) G π ( * Λ Gc π ( π G π ( )
BR ' Λ0

b * Λ Gc π ( π G π ( ' all )H) � 6� 2 � 1� 0� stat � � 1 & 0
" 0 & 9 � syst �/��J 10" 2

BR ' Λ0
b * Σc ' 2455)BGKG π ( π ( * Λ Gc π ( π G π ( )

BR ' Λ0
b * Λ Gc π ( π G π ( ' all )L) � 5� 2 � 1� 1� stat �I� 0� 8� syst �/�IJ 10" 2

BR ' Λ0
b * Σc ' 2455) 0π G π ( * Λ Gc π ( π G π ( )

BR ' Λ0
b * Λ Gc π ( π G π ( ' all )H) � 8� 9 � 2� 1� stat � � 1 & 2

" 1 & 0 � syst �/��J 10" 2

BR ' Λ0
b * Λ Gc ρ0π ( � Λ Gc 3π ' other )M* Λ Gc π ( π G π ( )

BR ' Λ0
b * Λ Gc π ( π G π ( ' all )H) � 77� 3 � 3� 1� stat � � 3 & 0

" 3 & 3 � syst �/��J 10" 2

Table 1: MeasuredrelativeBranchingFractionsof theresonantΛ0
b 
 Λ�c π � π � π � decaymodes.
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Figure 3: (Top row, first from left) Λ0
b 
 Λ�c π � π � π � candidatesmassdistribution; (Top row, second

from left) Λ0
b 
 Λc � 2595� � π � andΛ0

b 
 Λc � 2625� � π � candidatesin a � 3σ Λ0
b masswindow (σ = 16

MeV/c2); (Top row, third from left) Λ0
b 
 Σc � 2455� �I� π � π �

candidatesin a � 3σ Λ0
b masswindow; (Top

row, fourth from left) Λ0
b 
 Σc � 2455� 0π � π � candidatesin a � 3σ Λ0

b masswindow; (Bottom row, first
from left) Λ0

b 
 Λ�c π � π � π � candidatesmassdistribution with a vetoon the charmbaryonresonatdecay
modes;(Bottomrow, secondfrom left) Λ0

b 
 Λ�c π � π � π �
candidatesmassdistribution in the Λc � 2595� �

andΛc � 2625� � masswindow; (Bottom row, third from left) Λ0
b 
 Λ�c π � π � π � candidatesmassdistribu-

tion in the Σc � 2455� �I� masswindow; (Bottomrow, fourth from left) Λ0
b 
 Λ�c π � π � π �

candidatesmass
distribution in theΣc � 2455� 0 masswindow.

lectedby the dimuon trigger, which hasno biasingeffect on the observed proper time distri-
bution. Signal samplesof  45,000B � ,  29,000B0, and  1,700 Λ0

b are reconstructed.The
analysisconsistesof a maximumlikelihood fit that usesinformation from mass,properdecay
time andproperdecaytime error to extract the lifetime of the hadrons.The useof similar final
statesand a unified analysisstrategy allow partial cancellationof certainsystematicuncertain-
ties in the lifetime ratios. Themeasuredlifetimesarethecurrentlymostprecisedeterminationof
the B � , B0 andΛ0

b lifetime. The measuredvaluesarecτ � B ��� =491.4� 2.6(stat.)� 2.6(syst.) µm,
cτ � B ) � =451.7� 3.0(stat.)� 2.5(syst.)µm, andcτ � Λ0

b � =460.8� 13.4(stat.)� 4.1(syst.) µm. [18]
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7. Conclusions

In this paperwe reviewed the mostrecentresultsin the field of B baryonsat CDF andD0.
Theseincludetheobservationof theΩ "b , Ξ "b , Σb andΣ

�
b, andthereconstructionof thenew Λ0

b #
Λ �c π " π � π " decaymode,andthenew measurementof b hadronlifetimesin theJ $ ψ modes.
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